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PREFACE 
The i n t e r a c t i o n  between man and h i s  environment i s  i n c r e a s i n g  f rom y e a r  
t o  y e a r  and one o f  t he  i m p o r t a n t  problems t h a t  e n v i r o r ~ m e n t a l i s t s  face  i s  t he  
eval  u a t i o n  o f  the  nega t i ve  consequences o f  man's a c t i v i t i e s .  Very of ten, 
anthropogenic a c t i v i t i e s  a r e  smal l  p e r t u r b a t i o n s  i n  r e a l  systems, b u t  over  
a l o n g  p e r i o d  o f  t ime t h i s  accumulates and t he  end e f f e c t  may be unexpected. 
What i s  t he  r e s u l t  o f  t he  i n t e r a c t i o n  between man and t h e  environment ove r  
l o n g  pe r i ods  of t ime? Which ecosystems a re  s t a b l e  w i t h  what p o s s i b l e  per -  
t u r b a t i o n s ?  What q u a n t i t a t i v e  va l  ues o f  p e r t u r b a t i o n s  can des t roy  n a t u r a l  
ecosystems and f o r  what pe r i ods  o f  t ime? I n  work ing on these problems, 
t he  terms s t a b i l  i ty, r e s i l  ience, a d a p t i v i  ty, homeostasis, re1  i a b i  1 i ty, etc . ,  
appeared i n  e c o l o g i c a l  i n v e s t i g a t i o n s .  Beginn ing i n  1982, one o f  t h e  aims 
of I IASA 's  "Land and Landcover Resources" task w i t h i n  t h e  Resources and 
Environment Area (REN) has been t o  i n v e s t i g a t e  t h e  agroecosystems of 
s t a b i l  i ty. The main f a c t o r s  and process which i n f l  uence agroecosystems 
a r e  e ros ion ,  s a l i n i z a t i o n ,  and wate r logg ing .  The e s t i m a t i o n  o f  t he  s t a b i l i t y  
of agroecosystems which a r e  s u b j e c t  t o  these processes i s  t h e  c e n t r a l  concern 
of REN's Land and Landcover Resources task.  The research i n s t i t u t e s  o f  
Bu lga r i a ,  Canada, Czechoslovakia, England, Hungary, USA and USSR c o l l a b o r a t e d  
t o  i n v e s t i g a t e  t h i s  i ssue .  
Th is  paper s e t s  o u t  t he  work performed by Eng l i sh  researchers w i t h i n  
t he  framework o f  t h i s  coopera t ion .  I t  considers  t h e  s t a b i l i t y  o f  t he  agro- 
ecosystems w i t h  r ega rd  t o  j u s t  t he  e r o s i o n  process. 
V. Sve t l  osanov 
Task Leader 
Land and Landcover Resources 

ABSTRACT 
Documentation i s  presented o f  a  model f o r  assessing t h e  s t a b i l i t y  
of t h e  s o i l  e r o s i o n  component o f  an a g r i c u l t u r a l  ecosystem. The model 
uses a  s i m p l i f i e d  v e r s i o n  o f  t h e  Meyer-Wischmeier approach t o  p r e d i c t  t he  
annual r a t e  o f  s o i l  e r o s i o n  by water on h i l l s l o p e s  and t h i s  i s  compared 
w i t h  t h e  r a t e s  of  weather ing and t o p  s o i l  renewal  t o  determine changes 
i n  t h e  depth of t he  s o i l  p r o f i l e  and t h e  t op  s o i l  o r  r o o t i n g  l a y e r .  
Eros ion  i s  taken t o  be t h e  r e s u l t  of sp lash  detachment and runo f f  t r a n s p o r t .  
Splash detachment i s  r e l a t e d  t o  r a i n f a l l  energy and r a i n f a l l  i n t e r c e p t i o n  
by t he  crop.  Runof f  volume and sediment t r a n s p o r t  c a p a c i t y  a re  es t imated  
from equat ions f i r s t  presented by K i rkby .  The r e s u l t s  o f  t r i a l s  w i t h  t h e  
model i n  t h e  S i l s o e  area o f  Bed fo rdsh i re ,  England, show t h a t  r e a l i s t i c  
va lues o f  r u n o f f  and e ros ion  a re  ob ta ined  f o r  a  range o f  s o i l  and c rop  
cond i t i ons .  The model can be used t o a s s e s s t h e  s t a b i l i t y  o f  t h e  e r o s i o n  
system under e x i s t i n g  landuse c o n d i t i o n s  and t o  determine what changes 
need t o  be made i n  t he  e r o s i o n  system t o  produce s t a b i l i t y  when uns tab le  
c o n d i t i o n s  a re  p r e d i c t e d .  
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STABILITY OF AGRICULTURAL ECOSYSTEMS: 
DOCUMENTATION OF A SIMPLE MODEL FOR 
SOIL EROSION ASSESSMENT. 
R.P.C. Morgan, D.D.V. Morgan and H i l a r y  J. Finney 
INTRODUCTION 
Under n a t u r a l  c o n d i t i o n s  t h e  p l a n t  cover on any p a r t  o f  t h e  e a r t h ' s  
sur face i s  t h e  r e s u l t  o f  a  s e r i e s  o f  cause and e f f e c t  r e l a t i o n s h i p s  
i n v o l v i n g  t b e  p l a n t  assemblage and t h e  p h y s i c a l  environment.  Th is  
i n t e r a c t i n g  complex o r  ecosystem may be s t a b l e  i f  i t  i s  capable o f  regen- 
e r a t i n g  i t s e l f  o r  uns tab le  i f  success ive o r  c y c l i c  changes a r e  t a k i n g  
p l a c e  i n  t h e  p l a n t  spec ies  making up t h e  assemblage. Man has i n f l u e n c e d  
t h e  p l a n t  cover  over much o f  t h e  e a r t h ' s  sur face and i n  most f l a t  o r  
g e n t l y  s l o p i n g  areas has c l ea red  t h e  c l imax  vege ta t i on  i n  favour o f  
a g r i c u l t u r e .  The a g r i c u l t u r a l  p l a n t  assemblages a re  v i t a l l y  impo r tan t  
fo r  p roduc ing  t h e  food necessary t o  s u s t a i n  t h e  i n c r e a s i n g  wo r l d  popu la t i on .  
Many a g r i c u l t u r a l  ecosystems a re  i n h e r e n t l y  uns tab le .  The p l a n t  
community on ly  s u r v i v e s  because o f  man's i n p u t s  i n  c u l t i v a t i o n ,  i r r i g a t i o n ,  
f e r t i l i z e r s ,  h e r b i c i d e s  and p e s t i c i d e s .  Through changes i n  t h e  d e n s i t y ,  
morphology and r o o t  s t r u c t u r e  of  t h e  p l a n t  cover ,  g e n e r a l l y  r e s u l t i n g  
i n  decreases i n  r a i n f a l l  i n t e r c e p t i o n ,  i n f i l t r a t i o n  and s o i l  mo i s tu re  
s torage,  a g r i c u l t u r a l  ecosystems have h ighe r  r a t e s  o f  r u n o f f  and e ros ion  
than n a t u r a l  ecosystems. I n  many ins tances ,  r a t e s  o f  e ros ion  a re  g rea te r  
than  r a t e s  o t  s o i l  renewal.  S c i l s  become sha l lower  over t ime  and t h e i r  
p r o d u c t i v i t y  dec l i nes .  To a t t a i n  sus ta ined  food p roduc t i on ,  a g r i c u l t u r a l  
ecosystems must be made s t a b l e  and i t  i s  i n  t h i s  con tex t  t h a t  s o i l  
conserva t ion  becomes impor tan t .  The o b j e c t i v e  o f  s o i l  conserva t ion  i s  
t o  manipu la te t h e  e ros ion  system component o f  t h e  a g r i c u l t u r a l  ecosystem 
so as t o  ma in ta i n  t h e  maximum sus ta ined  l e v e l  o f  p r o d u c t i o n  w h i l s t  keeping 
the  r a t e  of  s o i l  l o s s  below a  t h r e s h o l d  l e v e l  which t h e o r e t i c a l l y  pe rm i t s  
t he  r a t e s  of s o i l  e ros ion  and s o i l  f o rma t i on  t o  balance. S o i l  depth 
thus  remains s t a b l e  through t ime.  
P r e r e q u i s i t e s  f o r  assessments of t h e  s t a b i l i t y  o f  a g r i c u l t u r a l  
ecosystems i n c l u d e  i n f o r m a t i o n  on r a t e s  of s o i l  e ros ion  and s o i l  
renewal. Ob ta in i ng  da ta  on s o i l  e ros ion  by f i e l d  measurement i s  
expensive and t ime consuming and so, fo r  r a p i d  assessments, recourse  i s  
made t o  p r e d i c t i o n .  P r e d i c t i o n s  can be made u s i n g  techniques such as 
t h e  U n i v e r s a l  S o i l  Loss Equat ion  (Wischmeier and Smith, 1978) and t h e  
CREAMS model (Kn i se l ,  1980). These techniques r e q u i r e  cons iderab le  
q u a n t i t i e s  o f  data.  Compared w i t h  t h e  scanty  knowledge on s o i l  renewal 
r a t e s  and t h e  d i f f i c u l t i e s  o f  de te rmin ing  what t h e  maximum acceptable 
r a t e  of  e r o s i o n  o r  s o i l  l o s s  t o l e r a n c e  should be, these  p r e d i c t i v e  
models a r e  t o o  compl i ca ted  f o r  use when a l l  t h a t  i s  needed i s  a reconn- 
aissance survey o r  an i n i t i a l  assessment o f  s t a b i l i t y .  
A s imp le  model i s  r e q u i r e d  from which r a p i d  assessments o f  e ros ion  
s t a b i l i t y  can be made. Th i s  paper documents t h e  model f i r s t  presented 
by Morgan (1981), l a t e r  t e s t e d  f o r  Malays ia  by Morgan, Hatch and 
Sulaiman ( i n  p ress )  and t o  which subsequent developments have been made 
wi t .h in  t h e  framework o f  t h e  research  programme on t h e  s t a b i l i t y  o f  
ecosystems be ing  c a r r i e d  ou t  by t h e  Resources a r ~ d  Environment Sec t i on  
o f  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  App l ied  Systems Ana lys is .  
APPROACH 
The model assesses t h e  s t a b i l i t y  o f  t h e  e ros ion  system i n  terms o f  
t h e  change i n  s o i l  depth c#ver t ime.  S o i l  depth i s  inc reased  a t  r a t e  
W th rough  weather ing of  t h e  bedrock a t  t h e  base o f  t h e  s o i l  p r o f i l e .  
S o i l  dep th  i s  decreased by e ros ion  o f  t h e  s o i l  a t  t h e  su r f ace  a t  r a t e  
SL. Comparison of t h e  two r a t e s  g i v e s  t h e  change i n  depth over t ime.  
The model a l s o  makes a separate assessment f o r  t h e  t o p  s o i l  o r  r o o t i n g  
l a y e r .  The depth o f  t h i s  l a y e r  i s  decreased a t  r a t e  SL and inc reased  
a t  a s o i l  renewal  r a t e ,  RN, a r a t e  which t akes  account o f  t h e  n a t u r a l  
r a t e  o f  weather ing and t h e  a d d i t i o n  o f  f e r t i l i z e r s  and o rgan i c  m a t e r i a l  
th rough  a g r i c u l t u r a l  management. 
The procedure used t o  p r e d i c t  t h e  r a t e  of s o i l  e ros ion  i s  a s imp l -  
i f i c a t i o n  o f  t h e  s o i l  l o s s  model descr ibed  by Meyer and Wischmeier 
(1969). I t  cons iders  s o i l  e r o s i o n  t o  r e s u l t  f rom t h e  detachment o f  
s o i l  p a r t i c l e s  by r a i n d r o p  impact  and t h e  t r a n s p o r t  of those  p a r t i c l e s  
by over land  f low. The processes of sp lash  t r a n s p o r t  and detachment by 
r u n o f f  a r e  i gno red  (Morgan, Hatch and Sulaiman, i n  p ress ) .  The model 
i s  designed t o  p r e d i c t  mean annual s o i l  l o s s  from f i e l d - s i z e d  areas on 
h i l l s l o p e s ,  a l though i t  may be expected t o  g i v e  reasonable r e s u l t s  f o r  any 
g iven  year i f  'data d e s c r i b i n g  t h e  c o n d i t i o n s  f o r  t h a t  year a re  used as i n p u t  
parameter va lues.  The model should n o t  be used t o  es t ima te  sediment y i e l d  
from dra inage  bas ins  no r  t o  p r e d i c t  s o i l  l o s s  over s h o r t e r  t i m e  p e r i o d s  
such as t h e  d u r a t i o n  o f  i n d i v i d u a l  storms o r  days. Because, i n  t h e  model, 
sur face r u n o f f  i s  generated through exceedance o f  t h e  s o i l  mo i s tu re  
s to rage  capac i t y ,  i t  cannot be expected t o  p r e d i c t  e ros ion  success fu l l y  
where r u n o f f  i s  due t o  i n f i l t r a t i o n  capac i t y  excess. 
The model separates t h e  e ros ion  process i n t o  a water phase and a 
sediment phase. Two p r e d i c t i v e  equat ions,  one f o r  t h e  r a t e  o f  sp lash  
detachment and one f o r  t h e  t r a n s p o r t  capac i t y  o f  t h e  over land  f low, 
c o n s t i t u t e  t h e  sediment phase. The r a t e  o f  s o i l  l o s s  i s  determined by 
whichever o f  these processes i s  t h e  l i m i t i n g  one. The r e s p e c t i v e  i n p u t s  
t o  these eqaat ions  o f  r a i n f a l l  energy and n l n o f f  volume a re  determined from 
t h e  water phase. 
The e f f e c t s  of  s o i l  conserva t ion  p r a c t i c e s  can be accounted f o r  
w i t h i n  t h e  separate phases. For example, t h e  i n t r o d u c t i o n  of  agronomic 
measures o f  e ros ion  c o n t r o l  i s  a l lowed f o r  by changes i n  evapo t ransp i ra t i an ,  
i n t e r c e p t i o n  and c rop  management which r e s p e c t i v e l y  a f f e c t s  t h e  volume o f  
r u n o f f ,  t h e  r a t e  o f  sp lash  detachment and t h e  t r a n s p o r t  capac i t y  o f  
over land  f low.  
A l though s t i l l  e m p i r i c a l ,  t h e  model has a  s t r onge r  p h y s i c a l  base than  
t h e  U n i v e r s a l  S o i l  Loss Equat ion  (Wischmeier and Smith, 1978) b u t  r e t a i n s  
t h e  elements o f  s i m p l i c i t y  and f l e x i b i l i t y  which a re  l o s t  i n  t h e  more r e c e n t l y  
developed and more s o p h i s t i c a t e d  CREAMS model (Kn i se l ,  1980). I t  a l s o  
has t h e  p o t e n t i a l  t o  determine whether e ros ion  i s  detachment o r  t r a n s p o r t  
l i m i t e d  which i t  i s  h e l p f u l  t o  know when des ign ing  s o i l  conse rva t i on  
s t r a t e g i e s .  
The model r e q u i r e s  s i x t e e n  i n p u t  parameters d e s c r i b i n g  r a i n f a l l ,  s o i l ,  
s l ope  and landuse c o n d i t i o n s  (Table 1 )  and seven govern ing equat ions  (Table 
2 ) .  
Table 1. I n p u t  parameters 
M S S o i l  mo i s tu re  con ten t  a t  f i e l d  capac i t y  o r  1/3 ba r  t ens ion  (76 w/w). 
Determine expe r imen ta l l y  u s i n g  t h e  g r a v i m e t r i c  method o r  s e l e c t  
a  t y p i c a l  va lue  f o r  t h e  s o i l  t ype  i n  ques t i on  (Table 4). 
The model i s  s e n s i t i v e  t o  a  1% change i n  t h e  va lue  o f  t h i s  
parameter if e ros ion  i s  t r a n s p o r t - l i m i t e d .  
3 Bulk  d e n s i t y  of t h e  t op  s o i l  l a y e r  (g/cm 1. 
Determine expe r imen ta l l y  o r  s e l e c t  a  t y p i c a l  va lue  f o r  t h e  s o i l  
t ype  i n  ques t i on  (Table 4) .  
The range o f  b u l k  d e n s i t y  values i s  low over  most a g r i c u l t u r a l  
s o i l s  b u t  t h e  model i s  s e n s i t i v e  t o  a  1% change i n  t h e  va lue  of t h i s  
parameter i f  e r o s i o n  i s  t r a n s p o r t - l i m i t e d .  
Root ing  depth (m) de f ined  as t he  depth of  the  s o i l  from t h e  
sur face t o  an impermeable o r  s tony l a y e r ;  t o  the  base of t he  A 
hor izon ;  t o  t h e  dominant r o o t  base; o r  t o  1.0m which ever i s  t h e  
sha l lowes t .  
Determine f rom f i e l d  observa t ions  on s i t e .  I f  p r o f i l e  d e s c r i p t i o n s  
f rom s o i l  survey r e p o r t s  a re  used and l o c a l  s lope  d i f f e r s  from 
t h a t  a t  t h e  p r o f i l e  s i t e ,  i t  may be necessary t o  a d j u s t  t he  va lue  
o f  RD t o  a l l o w  f o r  sha l lower  s o i l s  on s teeper  s lopes.  
The model i s  s e n s i t i v e  t o  a  1% change i n  t h e  va lue of  t h i s  parameter 
i f  e ros ion  i s  t r a n s p o r t - l i m i t e d  
T o t a l  s o i l  dep th  (m) def ined as t h e  depth o f  t h e  s o i l  from t h e  
su r f ace  t o  t h e  bedrock. 
Determine f rom f i e l d  observa t ions  on s i t e  o r  from p r o f i l e  
d e s c r i p t i o n s  i n  s o i l  survey r e p o r t s .  
The model i s  n o t  s e n s i t i v e  t o  changes i n  t he  va lues of  t h i s  
parameter which i s  n o t  used i n  t h e  procedure f o r  p r e d i c t i n g  e ros ion  
2 S o i l  d e t a c h a b i l i t y  index  (g/J/m ) de f i ned  as t h e  amount o f  s o i l  
detached from t h e  s o i l  mass pe r  u n i t  o f  r a i n f a l l  energy pe r  u n i t  area. 
Determine expe r imen ta l l y  us i ng  r a i n f a l l  s i m u l a t i o n  o r  s e l e c t  a  
t y p i c a l  va lue f o r  t he  s o i l  t ype  i n  ques t ion .  (Table 4).  
The model i s  moderately s e n s i t i v e  t o  a  1% change i n  t h i s  parameter 
if e ros ion  i s  detachment- l imi ted.  
The r a t e  o f  i nc rease  i n  s o i l  depth by weather ing a t  t h e  s o i l - r o c k  
i n t e r f a c e  (mm/y). 
Obta in  i n f o r m a t i o n  from pub l i shed  researches on weather ing r a t e s  
i n  t h e  s tudy area. A l t e r n a t i v e l y ,  use d a t a  on measured r a t e s  o f  
e r o s i o n  i n  t h e  a rea  under reasonably n a t u r a l  c o n d i t i o n s ,  based 
on t h e  assumption t h a t  under such c o n d i t i o n s  t h e  r a t e s  o f  e ros ion  
and weather ing a re  i n  balance. 
Th i s  parameter i s  n o t  used i n  t h e  procedure f o r  p r e d i c t i n g  e r o s i o n  
b u t  i t  needs t o  be determined as a c c u r a t e l y  as p o s s i b l e  because 
changes i n  t h e  s o i l  dep th  (SD) a re  computed by comparing t h e  pred-  
i c t e d  r a t e  o f  e r o s i o n  w i t h  t h e  r a t e  o f  weather ing.  
The r a t e  o f  renewal  o f  t h e  t o p  s o i l  l a y e r  (mm/y) as a  r e s u l t  of  
c rop  management p r a c t i c e s ,  e.g. t i l l a g e ,  a d d i t i o n  o f  f e r t i l i z e r s  
and o rgan ic  m a t e r i a l ,  as w e l l  as t h e  n a t u r a l  breakdown o f  v e g e t a t i v e  
ma t te r  i n t o  humus. Where poss ib l e ,  use d a t a  from researches .on  
s o i l  renewal  r a t e s  i n  t h e  s tudy area o r  app ly  da ta  from s i m i l a r  
areas. Otherwise, s e l e c t  a  va lue  from Table 5. 
T h i s  parameter i s  n o t  used i n  t he  procedure f o r  p r e d i c t i n g  e ros ion  
b u t  i t  needs t o  be determined as accu ra te l y  as p o s s i b l e  because 
changes i n  t h e  t op  s o i l  depth (RD) a r e  computed by comparing t he  
p r e d i c t e d  r a t e  o f  e r o s i o n  w i t h  t h e  r a t e  o f  renewal.  A lso,  t h e  
va lue  o f  RD p r e d i c t e d  a f t e r  one year o f  s i m u l a t i o n  i s  used as t h e  
i n p u t  va lue  f o r  t h e  f o l l o w i n g  year o f  s i m u l a t i o n  and t h e  model i s  
s e n s i t i v e  t o  a  1% change i n  t h e  va lue  o f  RD i f  e r o s i o n  i s  t r a n s p o r t -  
l i m i t e d .  
SLP Steepness o f  ground s l ope  expressed as t h e  s i n e  o f  t h e  s l ope  angle. 
Determine f rom f i e l d  measurement. 
The model i s  o n l y  m o d e r a t e l y s e n s i t i v e  t o  a  1% change i n  t h e  va lue  
o f  t h i s  parameter.  
NY Number o f  years  f o r  which t he  model i s  t o  operate.  
YEAR Year o f  s i m u l a t i o n  f o r  which va lues o f  RAIN, RDAY, INTENS, INCEP, 
ETEO and CFAC app ly .  
A separa te  c a r d  must be used f o r  these i n p u t  parameters f o r  each 
year of s i m u l a t i o n .  The t o t a l  number o f  cards must equa l  NY. 
RAIN Annual r a i n f a l l  t o t a l  (mm). 
Obta in  i n f o r m a t i o n  from measurements on s i t e  o r  from me teo ro log i ca l  
records .  
The model i s  ve ry  s e n s i t i v e  t o  a  1% change i n  t h e  va lue  o f  t h i s  
parameter i f  e ros ion  i s  t r a n s p o r t - l i m i t e d  and moderate ly  s e n s i t i v e  
i f  e ros ion  i s  detachment- l imi ted.  
RDAY Number o f  r a i n  days i n  t h e  year .  
Obta in  i n f o r m a t i o n  f rom measurements an s i t e  o r  f rom me teo ro log i ca l  
records.  
The model i s  s e n s i t i v e  t o  a  1% change i n  t h e  va lue  o f  t h i s  
parameter i s  e r o s i o n  i s  t r a n s p o r t - l i m i t e d .  
INTENS T y p i c a l  va lue  f o r  i n t e n s i t y  o f  e r o s i v e  r a i n  (mm/h). Obta in  
i n f o r m a t i o n  f rom r a i n f a l l  measurements on s i t e  w i t h  i n t e n s i t y  o r  
au tograph ic  gauges o r  f rom me teo ro log i ca l  records .  
The model i s  o n l y  s l i g h t l y  s e n s i t i v e  t o  a  1% change i n  t he  va lue  
o f  t h i s  parameter i f  e ros ion  i s  detachment- l imi ted and no t  s e n s i t i v e  
i f  e ros ion  i s  t r a n s p o r t - l i m i t e d .  
INCEP Percentage r a i n f a l l  c o n t r i b u t i n g  t o  permanent i n t e r c e p t i o n  and 
stemflow. 
Determine expe r imen ta l l y  i n  t h e  f i e l d  o r  l a b o r a t o r y .  
A l t e r n a t i v e l y ,  use i n fo rma t i on  f rom pub l i shed  researches (Table 6 ) .  
The model i s  very  s l i g h t l y  s e n s i t i v e  t o  a 1% abso lu te  change i n  
t h e  va lue  o f  t h i s  parameter i f  e ros ion  i s  detachment- l imi ted.  
ETEO The r a t i o  of  a c t u a l  t o  p o t e n t i a l  evapo t ransp i ra t i on .  
Determine expe r imen ta l l y  o r  use da ta  from pub l i shed  researches 
(Table 6 ) .  
The model i s  moderate ly  s e n s i t i v e  t o  a 1% change i n  t h e  va lue  o f  
t h i s  parameter i f  e ros ion  i s  t r a n s p o r t - l i m i t e d .  
CFAC Crop cover  management f a c t o r  d e f i n e d  as t h e  r a t i o  o f  s o i l  l o s s  
under a g i v e n  l a n d  use t o  t h a t  from bare  ground w i t h  downslope 
t i l l a g e .  
Prev ious  t r i a l s  w i t h  t h e  model have shown t h a t  t h e  C-factor values 
i n  t h e  U n i v e r s a l  S o i l  Loss Equat ion can be used f o r  t h i s  parameter. 
They should be c a l c u l a t e d  f rom t h e  i n f o r m a t i o n  con ta ined  i n  Wischmeier 
and S m i t h  (1978) b u t  f i r s t  approx imat ion va lues may be se lec ted  
from Table 6. Where con tour ing ,  contour  s t r i p  c ropp ing  o r  
t e r r a c i n g  a r e  p r a c t i s e d  t h e  va lues should ad jus ted  by t h e  P- factor  
va lues  l i s t e d  i n  Table 6. 
Table 2. Opera t ing  f unc t i ons  used i n  t h e  model. 
Equat ion  1 KE = R (11.89 + 8.74 l o g  INTENS) Wischmeier & 
Smith (1978) 
Equat ion  2 OF R . e  -Rc/Ro K i r kby  ( 1976 ) 
Equat ion 3 H = 1,000 MS.BD.RD Wi thers  & 
Vipond (1974) 
Equat ion  4 Rc H ( E ~ / E O ) O ' ~  K i r kby  (1976) 
Equat ion 5 DET = K (KE . e 1 Morgan, Hatch & -a. INCEP b 10-3 
Sulaiman ( i n  
p ress )  
Equat ion 6 G c  OF^ s i n  SLP . K i r k b y  (1976) 
Equat ion 7 Ro = R/Rn 
Notes: 
OF = volume o f  over land  f l o w  (mm) 
2 DET = r a t e  o f  sp lash  detachment (kg/m ) 
G 2 t r a n s p o r t  c a p a c i t y  of  over land  f l o w  (kg/m ) 
2 KE = K i n e t i c  energy o f  t h e  r a i n f a l l  (J/m ) 
H = s o i l  mo i s tu re  s to rage  capac i t y  (mm) under a dense vege ta t i on  cover 
Rc = s o i l  mo is tu re  s to rage  capac i t y  (mm) under a c t u a l  vege ta t i on  cover 
Ro = mean r a i n  p e r  r a i n  day (mm) 
a = i n t e r c e p t i o n  exponent, assumed t o  equal  -0.05 
b = splash detachment exponent, assumed t o  equa l  1.0 
Other parameter n o t a t i o n  and u n i t s  as i n  Table 1. 
INPUT DATA 
D e f i n i t i o n s  o f  and d a t a  sources f o r  t h e  i n p u t  parameters 
a re  presented i n  Table 1. Th i s  i n f o r m a t i o n  must be compi led as an i n p u t  
f i l e  i n  t h e  f o l l o w i n g  format: 
CARDS 1-3: T i t l e  ca rds  up t o  60 cha rac te r s  each 
CARD 4: MS, ED, RD, SD, K,  W ,  RN, SLP, NY 
CARDS 5-n: YEAR, RAIN, RDAY, INTENS, INCEP, ETEO, CFAC 
(a  separate ca rd  i s  r e q u i r e d  f o r  each year of  s i m u l a t i o n  f o r  t h e  i n p u t  
parameters on ca rd  5 )  
A l l  da ta  a r e  read  i n  f i e l d s  o f  s i x  columns. NY, YEAR, RAIN and RDAY must 
be i n  i n t e g e r  form ( I 6 ) ,  t h e  o t h e r  parameters a r e  i n  f l o a t i n g  p o i n t  form. 
A sample i n p u t  f i l e  i s  g i v e n  i n  Table 3. 
Table 3. Sample i n p u t  f i l e  
S i l s o e  
Cottenham s e r i e s :  sandy v a r i a n t  
Market gardening: good husbandry 
MODEL OPERATION 
Th i s  s e c t i o n  descr ibes  t h e  s tages i n v o l v e d  i n  ope ra t i ng  t h e  model, 
t a k i n g  t h e  water phase,and sediment phase i n  t u r n .  
Water phase 
Annual p r e c i p i t a t i o n  i s  t h e  bas i c  i n p u t  parameter and i s  used t o  
determine t h e  energy o f  t h e  r a i n f a l l  a v a i l a b l e  f o r  sp lash  detachment and 
t h e  volume o f  r u n o f f .  
The r a i n f a l l  energy component i s  model led e m p i r i c a l l y  from t h e  annual 
p r e c i p i t a t i o n  t o t a l  (RP,IIV) and an es t imate  o f  a  t y p i c a l  h o u r l y  r a i n f a l l  
i n t e n s i t y  f o r  e r o s i v e  r a i n  (INTElr!Sj, us i ng  equat ion  1 (Table 2 ) .  The r a i n f a l l  
energy c a l c u l a t i o n  i s  based on t h e  r e l a t i o n s h i p  between energy and i n t e n s i t y  
presented by Wischmeier and Smith (1978). 
The annual  volume o f  over land  f l ow  (OF) i s  p r e d i c t e d  f rom equat ion  2  
us ing  t h e  model presented by K i r kby  (1976) where r u n o f f  i s  assumed t o  
occur whenever t h e  d a i l y  r a i n f a l l  t o t a l  exceeds a  c r i t i c a l  va lue  (Rc) 
which rep resen ts  t h e  s to rage  c a p a c i t y  o f  t h e  su r f ace  s o i l  l a y e r .  The 
equat ion  assumes t h a t  t h e  d a i l y  r a i n f a l l s  approximate an exponen t i a l  
f requency d i s t r i b u t i o n .  
The parameter Rc i s  r e l a t e d  t o  t h e  s o i l  mo i s tu re  s to rage  capac i t y  
(H) which would e x i s t  under a  dense vege ta t i on  cover .  Values of H may 
be determined f o r  g i v e n  s o i l s ,  us i ng  equat ion  3 (Table 2 ) ,  from e i t h e r  
f i e l d  measurements o r  reasoned es t imates  (Table 4) of b u l k  d e n s i t y  (BDj 
and t h e  mo is tu re  con ten t  of t h e  s o i l  a t  f i e l d  c a p a c i t y  (MS). I n  de te rmin ing  
Rc, t h e  va lue  o f  H  i s  ad jus ted  t o  a l l ow  f o r  t h e  e f f e c t s  o f  d i f f e r e n t  
v e g e t a t i v e  covers on evapo t ransp i ra t i on ,  expressed i n  terms o f  t h e  r a t i o  
between a c t u a l  e v a p o t r a n s p i r a t i o n  ( E t )  and p o t e n t i a l  evapo t ransp i ra t i on  
(Eo) (Table 6 ) .  Thus, u s i n g  equat ion  4  (Table 2 ) ,  r e d u c t i o n s  i n  r u n o f f  
volume r e s u l t i n g  f rom an i nc rease  i n  vege ta t i on  cover a r e  accounted f o r  
by an i nc rease  i n  s o i l  mo i s tu re  s to rage .  
Table 4. T y p i c a l  i n p u t  va lues f o r  se lec ted  s o i l  t ypes  
S o i l  3 Mois tu re  con ten t  a t  Bu l k  d e n s i t y  (g/cm ) D e t e c h a b i l i t y  
f i e i d  c a p a c i t y  BD . i ndex  (76 W/W) (MS) (K) 
Clay 0.45 1.1 0.02 
Clay loam 0.40 
Sandy loam 0.28 
F ine  sand 0.15 1.4 0.2 
Sand 0.08 1.5 0.7 
Sources: MS - Withers and Vipond (1974); BD - H a l l  (1945); K - quansah (1981) 
Table 5. S o i l  renewal  r a t e s  
Root ing dep th  S o i l s  with favourable S o i l s  w i t h  unfavour-  
(RD) s u b s o i l s  t h a t  can be a b l e  s u b s o i l s  o f  r o c k  
renewed by a g r i c u l t u r a l  o r  s o f t  weathered 
management m a t e r i a l  t h a t  cannot 
be economica l ly  renewed 
0-25 cm 
25-50 cm 
50-100 cm 
100-150 cm 
over 150 cm 
Source: Data a re  from McCormack and Young (1981) and r e  r e s e n t  convers ions 
f rom t /ha/y assuming a b u l k  d e n s i t y  of  1.0 g/c$ f o r  s o i l .  
Sediment phase 
The sediment phase i s  d i v i d e d  i n t o  two components: sp lash  detachment 
and r u n o f f  t r a n s p o r t .  
Splash detachment i s  model led as a  f u n c t i o n  o f  r a i n f a l l  energy (KE), 
an i ndex  o f  s o i l  d e t a c h a b i l i t y  (K) ,  a  r a i n f a l l  i n t e r c e p t i o n  parameter 
(INCEP) and exponents a  and b  (equa t ion  5; Table 2 ) .  Values o f  K  a r e  
ob ta ined  f rom r a i n f a l l  s i m u l a t i o n  exper iments (Table 4 ) .  Values o f  
INCEP are  e i t h e r  determined expe r imen ta l l y  i n  t h e  f i e l d  o r  i n  the 
l a b o r a t o r y  o r  es t imated  from percentage canopy cover  (Tab le  6 ) .  Working 
va lues o f  -0.05 and 1.0 a r e  adopted f o r  exponents a  and b  r e s p e c t i v e l y  
(Morgan, Hatch and Sulaiman, i n  p r e s s ) .  
Equat ion 6 (Table 2 )  i s  used t o  es t ima te  t h e  t r a n s p o r t  capac i t y  o f  
t h e  over land  f low (K i r kby ,  1976). The r e l a t i o n s h i p s  between t r a n s p o r t  
capac i t y  and t h e  f i r s t  power o f  t h e  s i n e  o f  t h e  s l ope  angle (SLP) and 
t he  square o f  t h e  volume o f  over land  f l o w  conform, as mathemat ica l l y  
convenient  and work ing approximat ions, '  t o  those d e r i v e d  b o t h  t h e o r e t i c a l l y  
and expe r imen ta l l y  by o t h e r  workers  ( rev iewed i n  Morgan, Hatch and 
Sulaiman. i n  p ress ) .  Parameter C i n  t h e  equat ion  takes account of  p l a n t  
cover  e f f e c t s .  The b a s i s  f o r  mode l l i ng  these e f f e c t s  i s  poor a t  p resen t  
b u t  p rev ious  t r i a l s  w i t h  t h e  model (Morgan, 1981; Morgan, Hatch and 
Sulaiman, i n  p ress)  have shown t h a t  t h e  C- fac to r  va lues from the  U n i v e r s a l  
S o i l  Loss Equat ion  (Wischmeier and Smith, 1978) can be used f o r  t h i s  
parameter.  Because macro changes i n  sur face  roughness brought  about by 
con tour  c u l t i v a t i o n ,  t e r r a c i n g  and contour  s t r i p  c ropp ing  a l s o  a f f ec t  
t r a n s p o r t  capac i t y ,  i t  was decided t o  a l l o w  f o r  these under t h i s  parameter 
which t hus  c o ~ b i n e s  t h e  C and P  f a c t o r s  o f  t h e  U n i v e r s a l  S o i l  Loss 
Equat ion. 
Table 6. T y p i c a l  i n p u t  va lues  f o r  p l a n t  parameters 
wet r i c e  
wheat 
INCEP 
43:; 
maize 25% 
b a r l e y  30% 
mi l le t / so rghum 
cassava/yam 
p o t a t o  12% 
beans 20-257; 
groundnut 25% 
cabbage/Brussels s p r o u t s  17% 
banana 
t e a  
co f f ee  
cocoa 
sugar cane 
sugar bee t  12-22:; 
rubber  20-307; 
o i l  palm 30% 
c o t t o n  
c u l t i v a t e d  g rass  
p ra i r i e / savanna  g rass  25 -40% 
forest /woodland 25 -35% 
(con i f e rous  & t r o p i c a l )  
15-25:; 
( temperate broad- leaved) 
bare  s o i l  0 X 
ETEO 
1.35 
0.59-0.61 
CFAC 
0.1 - 0.2 
0.1 - 0.2 ( w i n t e r  sown) 
0.2 - 0.4 ( s p r i n g  sown) 
0.2 
0.1 - 0.2 
0.4 - 0.9 
0.2 - 0.8 
0.2 - 0.3 
0.2 - 0.4 
0.2 - 0.8 
0.2 - 0.3 
0.2 
0.1 - 0.3 
0.3 - 0.7 
0.004 - 0.01 
0.01 - 0.10 
0.001 - 0.002 ( w i t h  under- 
growth)  
0.001 = 0.004 (no under- 
growth)  
1.00 
Note 
CFAC va lues  should be ad jus ted  by t he  f o l l o w i n g  PFAC va lues  i f  mechanical  
s o i l  conserva t ion  measures a r e  p r a c t i s e d :  
con tour ing :  m u l t i p l y  by 0.6 
con tour  s t r i p  cropping:  m u l t i p l y  by 0.35 
t e r r a c i n g :  m u l t i p l y  by 0.15 
Sources: INCEP - Wollny (1890),  sources c i t e d  i n  Morgan, Hatch and Sulaiman 
( i n  p ress )  and s t u d i e s  a t  NCAE, S i l s o e ,  ETEO - Withers  and Vipond (1974),  
Doorenbos and P r u i t t  (1977).  
CFAC - Wischmeier and Smith (1978),  Roose (1977 and sources c i t e d  i n  Morgan, 
Hatch and Sulaiman ( i n  p ress ) .  PFAC values may be ad jus ted  f o r  v a r i a t i o n s  
i n  s l ope  steepness (Wischmeier and Smith, 1978). 
S o i l  l o s s  p r e d i c t i o n  
The model compares t h e  p r e d i c t i o n s  o f  t h e  r a t e  o f  sp lash  detachment 
and t h e  t r a n s p o r t  c a p a c i t y  of over land  f l o w  and determines t h e  r a t e  o f  
s o i l  l o s s  accord ing  t o  which ever i s  t h e  l i m i t i n g  f a c t o r .  Thus t h e  
r a t e  o f  s o i l  l o s s  i s  equated w i t h  t h e  lower  of  t h e  two values. 
Eros ion  s t a b i l i t y  a n a l y s i s  
The p r e d i c t e d  r a t e  o f  s o i l  l o s s  i s  compared w i t h  t h e  r a t e  o f  
weather ing (W) and t h e  r a t e  o f  t o p  s o i l  renewal (RN). I n fo rma t i on  on 
r a t e s  o f  weather ing i s  r a r e l y  a v a i l a b l e  and needs t o  be ob ta ined  f rom 
geomorphological  researches. Where no d i r e c t  measurements o f  weather ing 
r a t e s  have been made, da ta  on r a t e s  o f  e ros ion  under r e l a t i v e l y  n a t u r a l  
o r  und is tu rbed  c o n d i t i o n s  may p rov ide  reasonable approx imat ions,  based 
on t h e  argument t h a t ,  under such cond i t i ons ,  t h e  r a t e s  o f  s o i l  e ros ion  
and s o i l  f o rma t i on  a r e  g e n e r a l l y  i n  balance. Es t imates  o f  s o i l  renewal 
r a t e s  can be based on t h e  g u i d e l i n e s  o u t l i n e d  by McCormack and Young (1981) 
and summarised i n  Table 5. 
The d i f f e r e n c e  between t h e  p r e d i c t e d  r a t e  of s o i l  l o s s  and t h e  r a t e  
of weather ing i s  used t o  c a l c u l a t e  t h e  l o s s  o r  g a i n  i n  s o i l  depth (SD). 
The d i f f e r e n c e  between t h e  r a t e  of  s o i l  l o s s  and t h e  r a t e  of  t o p  s o i l  
renewal a l l ows  a  s i m i l a r  c a l c u l a t i o n  t o  be made f o r  t op  s o i l  depth (RD). 
The new va lues o f  SD and RD p rov ide  t h e  i n p u t  t o  t h e  f o l l o w i n g  year of  
s imu la t i on .  I n  t h i s  way, t h e  e f f e c t s  ~f a  r o n t i n u e d  r e d u c t i o n  i n  t o p  
s o i l  depth can be s imu la ted ,  a c t i n g  through r e d u c t i c n s  i n  s o i l  mo is tu re  
s to rage  capac i t y  and hence inc reases  i n  t h e  volume of over land  f low and 
i n  e ros ion .  The model t h e r e f o r e  shows how e ros ion  can c r e a t e  an ever  
worsening c o n d i t i o n  of  y e t  more e ros ion .  The model c o n t a i n s  a  s top  
procedure when s o i l  depth reaches zero  t o  p reven t  t h e  depth from becoming 
negat ive.  A t  p resen t  no such s top  procedure i s  i nc l uded  t o  c o n t r o l  e i t h e r  
t h e  maximum s o i l  depth (SD) o r  t h e  maximum t o p  s o i l  depth (RD). Th i s  i s  
because i t  i s  envisaged t h a t  s i m u l a t i c n s  would n o t  be c a r r i e d  ou t  f o r  p e r i o d s  
l onge r  than  50 years  d u r i n g  which t ime  t h e  e f f e c t s  of  i n c r e a s i n g  s o i l  
' dep th  on, f o r  example, t h e  r a t e  of  weather ing, a r e  l i k e l y  t o  be sma l l .  
C i e a r l y ,  a  s t a b l e  e ros ion  system i s  i n d i c a t e d  when t h e  s o i l  depth (SD) 
and t o p  s o i l  depth (RD) remain r e l a t i v e l y  cons tan t  th rough  t ime.  
MODEL OUTPUT 
For each year s imu la ted  t h e  ou tpu t  f i l e  l i s t s :  
r a i n f a l l  (RAIN) 
k i n e t i c  energy of  t h e  r a i n  (KE) 
mo is tu re  r e t e n t i o n / s t o r a g e  capac i t y  o f  t h e  sur face s o i l  (RC) 
over land  f l c w  (O/FLOw) 
s o i l  detachment r a t e  (DET) 
over land  f l o w  t r a n s p o r t  capac i t y  (TR/CAP) 
s o i l  l c s s  (SL) 
change i n  r o o t i n g  depth (CH/RD) 
r o o t i n g  depth a t  end o f  year (RD) 
change i n  t o t a l  s o i l  depth (CH/SD) 
t o t a l  s o i l  depth a t  end o f  year (SD) 
Table 7. Sample output  f i l e  
NCAE e ros ion  s t a b i l i t y  model 
S i l s o e  
Cottenham s e r i e s :  sandy v a r i a n t  
Market gardening: good husbandry 
year r a i n  ke r c o/flow 
(mm) (j/m2) (mm> (mm > 
d e t  
( kg/m2 1 
4.33 
4.18 
4.77 
3.91 
3.23 
2.85 
3.74 
3.91 
3.30 
3.91 
3.23 
3.25 
5.06 
3.58 
3.96 
4.18 
3.30 
4.51 
3.81 

Mean annual va lues a r e  d i sp layed  f o r  RAIN, KE, O/FLOW, DET, TR/CAP, 
S/LOSS, CH/RD, CH/SD. 
A sample o u t p u t  f i l e ,  showing t h e  r e s u l t s  o f  t h e  model when r u n  
us ing  t h e  s a r p l e  i n p u t  f i l e  (Table 3) i s  shown i n  Table 7. 
SENSITIVITY ANALYSIS 
I n  any mode l l i ng  work i t  i s  impo r tan t  t o  know t o  what e x t e n t  t h e  
model 's  ou tpu t  i s  a f f e c t e d  by s m a l l  changes i n  t h e  va lues o f  t h e  i n p u t  
data.  One advantage o f  a  s imp le  model i s  t h a t  such a  s e n s i t i v i t y  a n a l y s i s  
can be c a r r i e d  o u t  by t h e  r e l a t i v e l y  s t r a i g h t f o r w a r d  process o f  p a r t i a l  
d i f f e r e n t i a t i o n .  Wi th  more complex models cumbersome numer i ca l  work i s  
r equ i red ,  y i e l d i n g  r e s u l t s  which a r e  d i f f i c u l t  t o  i n t e r p r e t  and g e n e r a l i z e  
(Lane and F e r r e i r a ,  1980). 
S e n s i t i v i t y  a n a l y s i s  by d i f f e r e n t i a t i o n  i s  most s imp ly  i l l u s t r a t e d  
by assess ing t h e  e f f e c t  on t r a n s p o r t  capac i t y  (G) o f  changes i n  i n p u t  
parameters. Equat ions 2  and 6 f rom Table 2  can be manipu la ted t o  g i ve :  
G = CFAC* SLP*  RAIN)^* EXP (-24) * .001 (where Q = Rc/Ro) 
Taking n a t u r a l  l o g a r i t h m s  and d i f f e r e n t i a t i n g  y i e l d s  
dG d(CFAC) + d(SLP) 
- - + 2 d(RAIN) - 2dQ. G ' CFAC SLP RAIN 
Hence f o r  s m a l l  changes, t h e  p r o p o r t i o n a l  change i n  G w i l l  be g i v e n  by t h e  
sum o f  t h e  p r o p o r t i o n a l  changes i n  C and SLP p l u s  t w i c e  t h e  p r o p o r t i o n a l  
change i n  RAIN minus t w i c e  t h e  abso lu te  change i n  Q. The va lue  o f  Q i s  
determined by t h e  va lues o f  MS, BD, RD, ETEO, RAIN and RDAY, and i t s  
d e r i v a t i v e  can e a s i l y  be c a l c u l a t e d  i n  terms o f  these parameters. Table 
8  shows t h e  e f f e c t  on t r a n s p o r t  capac i t y  o f  a  1% change i n  v a r i o u s  
i n p u t  parameters.  
Table 8: S e n s i t i v i t y  o f  T ranspor t  Capaci ty  
1% change 
i n  
RAIN 
MS; BD; RD; RDAY 
ETEO 
CFAC; SLP 
X change i n  
t r a n s p o r t  c a p a c i t y  
For t h e  da ta  s e t  p resen ted  e a r l i e r ,  t h e  va lue  o f  Q i s  around 2, though i t  
w i l l  be g r e a t e r  f o r  s o i l s  w i t h  a  l a r g e r  mo is tu re  s to rage  c a p a c i t y  and 
t o p s o i l  depth.  Table 8  p resen ts  t h e  parameters i n  decreas ing o rder  o f  
s e n s i t i v i t y :  t h e  most s e n s i t i v e  i n p u t  parameters need t o  be assessed 
w i t h  t h e  g r e a t e s t  accuracy. 
The s e n s i t i v i t y  of  t h e  detachment r a t e  can be determined i n  a  s i m i l a r  
manner, though more i n v o l v e d  a l g e b r a i c  man ipu la t i on  i s  necessary.  Table 
9  summarizes t h e  r e s u l t s .  
Table 9: S e n s i t i v i t y  o f  Detachment Rate 
1% change 
i n  
k change i n  
detachment 
K;RAIN 
INTENS -1 (3 .1  + I n  INTENS) (=0.2 he re )  
INCEP (1% abso lu te  change) -0.05 
C l e a r l y  t h e  detachment r a t e  i s  o v e r a l l  much l e s s  s e n s i t i v e  t o  changes 
i n  values o f  i n p u t  parameters than i s  t r a n s p o r t  capac i t y :  a l though 
c a r e f u l  thought  w i l l  need t o  be g i ven  t o  va lues of  K  and INCEP, good 
q u a l i t y  d a t a  e x i s t s  f o r  RAIN, and INTENS has l i t t l e  e f f e c t .  However i f  
e ros ion  i s  g e n e r a l l y  t r a n s p o r t  l i m i t e d  t h e  v a l i d i t y  
o f  t h e  r e s u l t s  produced by t h e  model w i l l  depend c r u c i a l l y  on t h e  accuracy 
o f  t h e  i n p u t  d a t a  f o r  t h e  s o i l  parameters,  e s p e c i a l l y  mo i s tu re  s to rage  
c a p a c i t y  (MS), b u l k  d e n s i t y  (BD) and t o p s o i l  dep th  (RD), which can be 
d i f f i c u l t  t o  es t imate .  No mat ter  how good t h e  p r e d i c t i o n s  o f  s o i l  l o s s  
are, t h e  assessment o f  t h e  s t a b i l i t y  o f  t h e  s o i l  depends e q u a l l y  i m p o r t a n t l y  
on t he  es t ima te  f o r  RN, t h e  renewal  r a t e  o f  t h e  t o p s o i l ,  and good q u a l i t y  
d a t a  on t h i s  parameter a r e  ext remely  ha rd  t o  ob ta i n .  
One f u r t h e r  t o p i c  deserves ment ion, namely t h e  p o s s i b l e  use of  average 
annual r a i n f a l l  data.  The use o f  average f i g u r e s  f o r  RAIN and RDAY causes 
a  s l i g h t  unde res t ima t i on  of  t h e  average annual s o i l  e r o s i o n  r a t e ,  as t h e  
decreased e r o s i o n  i n  r e l a t i v e l y  d r y  years does n o t  ba lance o u t  t h e  inc rease  
i n  r e l a t i v e l y  wet years,  due t o  t h e  n o n - l i n e a r i t y  of  t h e  r e l a t i o n s h i p s  
i nvo l ved .  One s t r a t e g y  t h a t  shou ld  n o t  be adopted i s  t he  use o f  a c t u a l  
va lues o f  RAIN with average va lues o f  RDAY, as t h e i r  r a t i o  w i l l  then  n o t  
be r e a l i s t i c ,  and t h i s  r a t i o  i s  an impo r tan t  determinant  o f  t h e  t r a n s p o r t  
capac i t y :  use o f  t h i s  s t r a t e g y  i s  l i k e l y  t o  cause s u b s t a n t i a l  over -es t imat ion  
o f  t r a n s p o r t  c a p a c i t y .  
EXAMPLES OF USE 
The f o l l o w i n g  examples taken from t h e  S i l s o e  area o f  Bedfordshi re ,  
England, show how t h e  model m igh t  be app l ied .  Th i s  r e g i o n  was s e l e c t e d  
f o r  t r i a l s  w i t h  t h e  model because measurements o f  s o i l  l o s s  and runo f f  
were a v a i l a b l e  and a  comparison i s  t h e r e f o r e  p o s s i b l e  between observed 
and p r e d i c t e d  va lues.  
Table 10 shows t h e  r e s u l t s  o f  us i ng  t h e  model t o  assess t he  s t a b i l i t y  
of t h e  e ros ion  system under e x i s t i n g  landuse a t  seven s i t e s .  A l l  except  
t h e  sandy s o i l  w i t h  no p l a n t  cover  a r e  s t a b l e  over  t h e  seven-year p e r i o d  
cons idered,  w i t h  s l i g h t  i nc reases  be ing  p r e d i c t e d  i n  b o t h  t o t a l  and t o p  
s o i l  depth.  Comparison o f  t h e  r e s u l t s  w i t h  observed d a t a  r e v e a l s  t h a t  
t he  model c o n s i s t e n t l y  unde rp red i c t s  t he  r a t e  o f  sp lash  detachment b u t  
g i v e s  reasonable p r e d i c t i o n s  of  r u n o f f  and s o i l  l o s s  except f o r  t h e  sandy 
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s o i l  p l o t s  w i t h  grass and w i t h  no p l a n t  cover.  The p r e d i c t e d  s o i l  l o s s  
i s  lower  than  t h e  observed f o r  t h e  p l o t  w i t h  grass b u t  h i ghe r  t han  t h e  
observed f o r  t h e  p l o t  w i t h  no cover.  I n  b o t h  cases t h e  p r e d i c t e d  r u n o f f  
i s  h i ghe r  t han  t h e  observed. It should be noted, however, t h a t  i f  t h e  
observed r u n o f f  were used as i n p u t  t o  t h e  sediment phase o f  t h e  model, 
t h e  observed s o i l  l o s s  on t h e  bare  s o i l  p l o t  cou ld  never be p r e d i c t e d  from 
i t. Genera l ly ,  t h e  r e s u l t s  o f  these t r i a l s  a re  n o t  as good as those  
ob ta ined  when app l y i ng  t h e  model t o  c o n d i t i o n s  i n  Malays ia (Morgan, Hatch 
and Sulaiman, i n  p ress )  b u t ,  g i ven  t h e  l e v e l s  o f  accuracy of de te rmin ing  
s o i l  renewal r a t e s  and weather ing r a t e s ,  t h e  model s t i l l  p rov ides  a 
r e a l i s t i c  and very r a p i d  i n d i c a t i o n  o f  t h e  e f f e c t s  o f  e x i s t i n g  landuse 
on s o i l  depths over a p e r i o d  o f  years. 
To show how t h e  model cou ld  be used t o  compare t h e  e f f e c t s  o f  
d i f f e r e n t  landuse s t r a t e g i e s ,  a s y n t h e t i c  20-year sequence .of r a i n f a l l  
r eco rds  was generated f o r  t h e  S i l s o e  area, based on t h e  s t a t i s t i c a l  d i s -  
t r i b u t i o n  o f  t h e  okserved data. Eros ion  r a t e s  were p r e d i c t e d  f o r  a sandy 
s o i l  s i t e  on an 11 s lope  under cont inuous w i n t e r  wheat, market gardening 
w i t h  good husbandry and market gardening w i t h  bad husbandry. Because o f  
t he  steep s lope,  a t o p  s o i l  depth o f  o n l y  50 mm was assumed f o r  t h e  
i n i t i a l  c o n d i t i o n .  F i e l d  observa t ions  suppor t  t h e  s e l e c t i o n  o f  such a 
shal low depth. The weather ing r a t e  i s  taken as 0.2 mm/y. The recommend- 
a t i o n s  o f  McCormack and Young (1981; Table 5 )  i n d i c a t e  a va lue  o f  0.2 mm/y 
as app rop r i a te  f o r  t h e  t o p  s o i l  renewal r a t e  b u t ,  g i ven  t h e  dependence 
o f  t h e  l o c a l  farming system on chemical  r a t h e r  than  o rgan i c  f e r t i l i z e r s  
and on con t inuous  c ropp ing  w i t h o u t  grass l e y s  o r  r o t a t i o n ,  t h e  renewal  
r a t e  has been reduced t o  0.15 mm/y f o r  w i n t e r  wheat and market gardening 
w i t h  good husbandry. I t  i s  assumed t h a t  f o r  market gardening w i t h  bad 
husbandry t h e  farmer adds very l i t t l e  n u t r i e n t  t o  t h e  s o i l  and t h a t  a 
renewal r a t e  o f  0.05 mm/y i s  r e a l i s t i c .  The market gardening regime 
comprises a two-year r o t a t i o n  o f  broad beans and cabbage i n  t h e  f i r s t  
year f o l l owed  by e a r l y  po ta toes  and cabbage. 
The r e s u l t s  (Table 11)  o f  t h e  twenty-year s i m u l a t i o n  show t h a t  
cont inuous w i n t e r  wheat produces r e l a t i v e l y  s t a b l e  c o n d i t i o n s  b u t  t h a t  
market gardening even w i t h  good husbandry, produces a decreasing s o i l  
depth. Fu r the r  s i m u l a t i o n s  were c a r r i e d  o u t  f o r  t h e  market gardening w i t h  
good husbandry t o  determine t h e  maximum p e r m i s s i b l e  s l ope  steepness a t  
which s t a b l e  c o n d i t i o n s  would occur; t h i s  was found t o  be 5'. S i m i l a r  
s imu la t i ons  cou ld  be undertaken t o  determine t h e  va lues o f  r a i n f a l l  
i n t e r c e p t i o n ,  Et/Eo and C- fac to r  which would be r e q u i r e d  t o  produce 
s t a b l e  s o i l  depths. Using t h e  model i n  t h i s  way i l l u s t r a t e s  perhaps 
i t s  g rea tes t  advantage. The model s imu la tes  t h e  p roduc t i on  o f  r u n o f f  
and sediment f rom a h i l l s i d e  i n  a manner which, q u a l i t a t i v e l y  a t  l e a s t ,  
represents  what happens i n  p r a c t i c e .  I h e  major f a c t o r s  which i n f l uence  
t h e  r u n o f f  and e ros ion  processes a r e  i nc luded  i n  t h e  model i n  a s t r u c t u r e  
u h i c h  i s  s u f f i c i e n t l y  s imp le  f o r  t h e  user  t o  understand t h e i r  e f f e c t s .  
Thus, when t h e  model p r e d i c t s  t h a t  a p a r t i c u l a r  landuse system i s  uns tab le  
i n  terms o f  i t s  e ros ion  e f f e c t s ,  i t  i s  g e n e r a l l y  c l e a r  which f a c t o r s  
should be changed i n  o rder  t o  b r i n g  about s t a b i l i t y .  With t h i s  background, 
t he  s o i l  c o n s e r v a t i o n i s t  can then work ou t  a s t r a t e g y  t o  produce t h e  r e -  
qu i red  change. 
APPENDIX 1 - PROGRAM LISTlNG 
Program Ncmod 
c***** NCAE Erosion stability model; 
c***** Program written by D. Morgan: June 1982 
integer year,rday 
real ms,k,intens,incep,ke 
dimension blurbl(l5),blurb2(15),blurb3(15),t(8) 
ir=2 
iw=3 
read (ir ,100) (blurbl(i) ,i=1,15) 
read (ir ,100) (blurb2(i) ,i=1,15) 
read (ir ,100) (blurb3(i) ,i=1,15) 
read (ir,200) ms,bd,rd,sd,k,weart,rnwrt,slp,ny 
rda=rd*1000 
sda=sd*lUOO 
do 20 i=1,8 
20 t(i)=O. 
write (iw ,700) 
write (iw, 800) (blurbl(i) ,i=1,15) 
write (iw,800) (blurb2(i) ,i=1,15) 
write (iw ,800) (blurb3(i) ,i=1,15) 
write (iw ,900) 
write (iw, 950) 
do 10 n=l,ny 
read (ir ,500) year ,irain,rday,intens,incep ,eteo,cfac 
rain=irain 
ke= (11.89+8.74*aloglO(intens) )*rain 
wsat=rns*bd 
h=wsat*rda 
rc=h*sqrt (eteo) 
ro=rain/rday 
of=rain*exp ((-l)*rc/ro) 
det=k*ke*exp (-. 05*incep) *. 001 
g=cfac*of**2*slp*.001 
sl =g 
if (det.1t.g) sl=det 
delrd=rnwrt-sl/bd 
if (rda+delrd .ge. 0. ) goto 30 
delrd=(-l)*da 
rda=O. 
goto 40 
30 rda=rda+delrd 
40 delsd=weart-sl/bd 
if (sda+delsd .ge. 0. ) goto 50 
delsd=(-l)*sda 
sda=0 
goto 60 
50 sda=sda+delsd 
60 ike=int(ke+0.5) 
t (l)=t (l)+rain/ny 
t (2)=t (2)+ke/ny 
t(3)=t(3)+cf/ny 
t (4)=t(4)+det/ny 
t(5)=t(5)+g/ny 
t(6)=t(6)+sl.ny 
t (7) =t (7)+delrd/ny 
t (8)=t (8)+delsd/ny 
10 write (iw,600) year,irain,ike,rc,of,det,g,sl,delrd,rda,delsd,sda 
itl=int(t(l)+0.5) 
it2=int(t(2)+0.5) 
write (iw ,300) 
write (iw,400) itl,it2, (t(i) ,i=3,8) 
stop 
100 format (15a4) 
200 format (8f6.2,i6) 
300 format (/,94('-')/I 
400 format (I mean1,2i8,8x,f8.1,4f8.2,8x,f8.2) 
500 format (3i6,4f6.2) 
600 format (lh ,i4,2i8,2f8.1,4f8.2,f8.l,f8.2,f8.1) 
700 format (29h ncae erosion stability model,/) 
800 format (lh ,15a4) 
900 format ( / / I  year rain k e rc o/flow det tr/cap 
1 s/loss ch/rd rd ch/sd sd') 
950 format ( (mm) (j/m2> (mm) (mm) (kg/m2) (kg/m2) (k 
lg/m2) (mm) (mm) (mm) (mm)',/) 
end 
finish 
**SF 
**v 
REFERENCES 
Doorenbos, J. and P r u i t t ,  W.O. 1977. Gu ide l i nes  f o r  p r e d i c t i n g  c rop  
water requi rements.  FA0 I r r i g a t i o n  and Dra inage Paper No. 24. 
H a l l ,  A.D. 1945. The s o i l .  John Murray, London. 
K i rkby ,  M.J. 1976. H y d r o l o g i c a l  s lope  models: t h e  i n f l u e n c e  o f  c l ima te .  
I n  Derbysh i re ,  E. (ed) ,  Geomorphology and c l ima te .  w i l e y ,  247-267. 
K n i s e l ,  W.G. J r .  (ed) ,  1980. CREAMS: a f i e l d  s c a l e  model f o r  chemica ls ,  
r u n o f f  and e r o s i o n  f rom a g r i c u l t u r a l  management systems. USDA 
Conservat ion Research Repor t  No. 26. 
Lane, L.J. F e r r e i r a ,  V.A. 1980. S e n s i t i v i t y  ana l ys i s .  I n  K n i s e l ,  W.G. J r .  
(ed) ,  CREAMS: a f i e l d  sca le  model f o r  chemica ls ,  r u n o f f  and e ros ion  
from a g r i c u l t u r a l  management systems. USDA Conservat ion Research 
Report  No. 26, 113-158. 
McCormack, D.E. and Young, K.K. 1981. Techn ica l  and s o c i e t a l  i m p l i c a t i ~ n s  
o f  s o i l  l o s s  t o l e rance .  I n  Morgan, R.P.C. (ed),  S o i l  conserva t ion :  
problems and p rospec ts .  Wi ley,  365-376. 
Meyer, L.D. and Wischmeier, W.H. 1969. Mathematical s i m u l a t i o n  o f  t h e  
process o f  s o i l  e r o s i o n  by water.  Transact ions,  American Soc ie ty  
o f  A g r i c u l t u r a l  Engineers,  12, 754-758, 762. 
Morgan, R.P.C. 1981. The r o l e  o f  t h e  p l a n t  cover  i n  c o n t r o l l i n g  s o i l  
e ros ion .  I n  T ingsancha l i ,  T. and Eggers, H. (eds),  South-East 
Asian Regional  Symposium on Problems o f  S o i l  E ros ion  and Sedimentat ion, 
Bangkok, Thai land,  27-29 January 1981. As ian I n s t i t u t e  o f  Technology, 
Bangkok, 255-265. 
Morgan, R.P.C., Hatch, T. and Sulaiman, W .  i n  press.  A s imp le  procedure 
f o r  assess ing s o i l  e r o s i o n  r i s k :  a case s tudy  f o r  Malays ia .  
Z e i t s c h r i f t  fu r  Geomorphologie, Supplementband. 
Quansah, C. 1981. The e f f e c t  o f  s o i l  t ype ,  s lope ,  r a i n  i n t e n s i t y  and 
t h e i r  i n t e r a c t i o n s  G n  sp lash  detachment and t r a n s p o r t .  Jou rna l  of  
S o i l  Science, 32, 215-224. 
Roose, E. 1977. Use o f  t h e  U n i v e r s a l  S o i l  Loss Equat ion  t o  p r e d i c t  
e ros ion  i n  West A f r i c a .  I n  S o i l  e ros ion :  p r ~ d i c t i o n  and c o n t r o l .  
S o i l  Conservat ion Soc ie t y  o f  America, Spec ia l  P u b l i c a t i o n  No. 21, 60-74. 
Wischmeier, W.H. and Smith, D.D. 1978. P r e d i c t i n g  r a i n f a l l  e ros ion  losses .  
A gu ide  t o  conse rva t i on  p lann ing .  USDA A g r i c u l t u r a l  Handbook, No. 537. 
Wi thers ,  B. and Vipond, S. 1974. I r r i g a t i o n :  des ign  and p r a c t i c e .  
Ba t s fo rd ,  London. 
Wol lny,  E. 1890. Untersuchungen uber das v e r h a l t e n  der  atmospharischen 
ne idersch lage  zur  p f l a n z e  zum boden. Forsch. Geb. Agr i-phys. 13, 
316-356. 
